Aim: The aim of this study was to determine some endocrinological and biochemical changes of scorpionism in children in Upper Egypt. In addition, it aimed to find any possible relationship between these changes and the severity of scorpionism. Patients and methods: The present study was carried out at two university hospitals in Upper Egypt and included 42 children with envenomation and 20 apparently healthy children as controls. In all subjects, levels were measured of noradrenaline, aldosterone, insulin and cortisol, and some biochemical parameters and electrolytes including nitric oxide (NO), creatine phosphokinase (CPK), Na+ and K+. Results: Na+, NO and CPK levels were significantly higher in children with envenomation compared with the controls. Also, there was a significant reduction in K+ in patients compared with controls. Children with severe envenomation had significantly higher levels of noradrenaline, cortisol and aldosterone compared with the controls and mild cases. However, insulin levels were significantly decreased in severe cases of scorpionism compared with mild ones. Moreover, hyperglycemia was detected in all patients with envenomation compared with controls, with significantly higher blood glucose levels among children with severe envenomation compared with mild cases. Conclusion: Endocrinological changes were common in all children with scorpion envenomation and more obvious in cases of severe envenomation. The released mediators may account for several inflammatory manifestations such as pulmonary edema, myocardial failure, systemic inflammatory response syndrome and multiple organ failure. The use of insulin is recommended in cases of severe envenomation to improve the outcome.
Introduction
Scorpionism is common in tropical and subtropical regions. It is considered an acute life-threatening medical emergency among the rural population in most places. In our locality, Upper Egypt, scorpions still represent a medical problem and a life hazard, especially to children [Elston, 2003; Mohamad et al. 2014] . Death due to severe scorpion envenoming syndrome is a common event in the developing countries. The symptoms and signs of envenomation are usually more severe in children, especially younger ones [Bahloul et al. 2010] . The clinical manifestations of scorpionism are due to complex interactions between sympathetic and parasympathetic stimulation [Mohamad et al. 2014; Bahloul et al. 2010 ]. This leads to increased release of neurotransmitters and mediators, resulting in a cascade of pathological events, involving the nervous system, the cardiovascular and the respiratory system, eventually leading to death [Gueron et al. 1992b; Ismail, 1995; Possani et al. 1999] . Scorpionism results in hormonal and biochemical changes with significant release of catecholamines, increased angiotensin II and inhibition of insulin secretion [Gueron et al. 1992b; Ismail, 1995] . Increased sympathetic activity causes increased renin release by stimulation of the juxtaglomerular system. The subsequent increase in angiotensin secretion boosts the sympathetic nerve output by direct action on the brainstem and by reducing baroreceptor mechanisms. Thus, the renin-angiotensin system is a significant facilitator of sympathoadrenal traffic in scorpionism [Radha Krishna Murthy and Vakil, 1988a; Grange, 1977] . Envenomation by scorpions involves the activation of the inflammatory response with the release and activation of proinflammatory cytokines and other mediators, such as nitric oxide (NO) [Petricevich, 2010] . NO plays a crucial role in the regulation of vascular tone and organ blood flow, as well as the inhibition of platelets and neutrophil aggregation. However, excessive production of NO has been reported in several myocardial disorders involving inflammatory process, such as endotoxic shock and heart failure. Systemic inflammatory response that is associated with increased NO production may contribute to hypotension, vascular hyporeactivity, and multiple organ failure in patients with scorpionism [Sahan-Firat et al. 2012] . The aim of this study was to determine the endocrinological and biochemical changes in children with scorpionism in Upper Egypt. In addition, we aimed to find any possible relationship between these changes and the severity of scorpionism.
Patients and methods

Patients
This study was carried out at two university hospitals, South Valley University and Assiut University, during the summer months from May to October 2014 after approval from Qena Faculty of Medicine Ethical Committee. The study included 42 children with scorpion envenomation admitted to the emergency unit of South Valley University and Assiut University hospitals. Their ages ranged from 1 to 13 years old. Also included were 20 apparently healthy children of matched age and sex who were considered as a control group. Any patient with a previous history of liver, renal or heart disease was excluded from the study. All the children with envenomation were subjected to complete medical history and physical examination. The history included age, locality, time of the sting, site of the sting, time to start of treatment, previous antivenin therapy at the locality and presentation. The patients were classified at baseline into two main groups according to the degree of severity of envenomation, either mild or severe according to the absence or presence of systemic manifestations [Bahloul et al. 2005 [Bahloul et al. , 2010 . Group I consisted of 22 children with mild envenomation. They presented with local signs, including local pain, erythema and paresthesia restricted to the sting area. They were admitted and treated at the emergency unit of our hospitals. Group II consisted of 20 children with severe envenomation. They presented with systemic manifestations such as cardiovascular, respiratory or neurological symptoms, including cardiogenic shock, pulmonary edema, altered consciousness and convulsion [Mohamad et al. 2014; Bahloul et al. 2005 Bahloul et al. , 2010 .
The strategy of our hospitals is to hospitalize all children with scorpionism for observation. All patients in our study were admitted. On admission, all patients received scorpion antivenin together with antihistamine and corticosteroid. Patients with no systemic manifestations were sent to the intermediate care unit for observation. Patients with severe envenomation were transferred to the intensive care unit. Inotropic medications and mechanical ventilation were given if indicated.
Biochemical investigations
The routine laboratory investigations were done for all the studied patients, including blood glucose, urea, creatinine, creatine phosphokinase (CPK), chest X-ray and electrocardiogram and blood gases when indicated. The enzyme-linked immunosorbent assay (ELISA) method was used to determine plasma levels of hormones by commercially available kits: noradrenaline using the Cat Combi ELISA kit (Immuno Biological Laboratories IBL, Hamburg, Germany), Plasma cortisol was measured using a cortisol ELISA kit from Oxford Biomedical Research, USA (catalog no. EA65), and insulin using the UBI-MAGIWE ELISA insulin quantitative kit from UBI United bioreseach inc. USA. Aldosterone was measured by a radioimmunoassay method using the DPC Coat-a-Count™ aldosterone kit; Diagnostic Products Corp. USA. NO level was determined by Griess reagent using a spectrophotometric method (Calbiochem® Nitric Oxide Assay Kit 482650-1KTT, EMD Millipore, Germany). Plasma levels of Na+ and K+ were determined by flame absorption photometer Jenway-PFP7 (Bibby Scientific Limited OSA, UK).
Statistical analysis
The results were statistically analyzed using the computer database Prism program. Data comparisons were performed using the Student t test. The levels of significance were accepted with p less than 0.05, and the results were presented in tables as mean ± standard error. Table 1 summarizes the epidemiological characteristics of children stung by scorpions. The incidence was higher in those aged more than 6 years (62%), while the lowest was in those less than 2 years (4.7%). Male children were more affected than female children. More patients were from rural areas, the site of the sting was more commonly in lower extremities than other sites, and the time of the sting was more often at night. The death rate was 19% of total cases, all of which were severe cases. A review of the therapeutic measures showed that 17 patients received inotropic medications during their course of treatment and 11 cases were mechanically ventilated. All these patients belonged to the severe group. Table 2 shows various clinical variables among the studied cases. All patients had local pain and sweating (100%), followed by hyperemia, vomiting, tachycardia and irritability (83.3%, 81%, 81% and 73.3% respectively). Table 3 shows the levels of the studied biochemical parameters in children with mild and severe envenomation in comparison to controls. Na+, NO and CPK levels were significantly higher in patients than controls. K+ was significantly lower in patients than controls. Table 4 shows the levels of the studied hormonal parameters in children with mild and severe envenomation in comparison to controls. Levels of noradrenalin, cortisol and aldosterone were significantly higher in children with scorpion envenomation than controls, and in severe cases compared with mild ones. However, insulin levels were significantly lower in severe cases of scorpion envenomation than mild ones. Moreover, we found hyperglycemia in all patients compared with controls, with higher significance in severe cases compared with mild cases.
Results
Discussion
The scorpion is a common medical, public health problem and a life-threatening hazard in many areas of the world [Mohamad et al. 2014; Mullen and Stockwell, 2002; Theakston et al. 2003 ]. The venom distribution in the extravascular compartment is fast, explaining the early appearance of the symptoms [Bahloul et al. 2005 [Bahloul et al. , 2010 . Death due to scorpionism is a common event, especially in children. It was reported that severe scorpionism causes an autonomic storm resulting in a massive release of catecholamines, angiotensin II, glucagon, cortisol and changes in insulin secretion. This results in a syndrome of energy insufficiencies of the vital organs, which causes myocardial damage, cardiovascular disturbances, peripheral circulatory failure, pulmonary edema and many other clinical manifestations, either single or in combination, producing multisystem organ failure and death. It seems possible that scorpion envenomation is one of the noninfectious processes that can result in systemic inflammatory response syndrome, which can lead to multiorgan failure [Nouira et al. 2007; Chippaux and Goyffon, 2008; Krifi et al. 1998; Nunan et al. 2003; Murthy, 2000; Pessini et al. 2003; Adiguzel et al. 2007 ].
In our study the frequency of severe envenomation was higher in children less than 2 years old (Table 1) ; this may be attributed to their small body mass, a proportionately greater number of stings to the head, neck and body, and their poor withdrawal reflex when suffering a sting. This latter factor gives the scorpion a chance to inject more venom and to inflict multiple stings. Moreover, the higher frequency of severe scorpion envenomation in children may be due to rapid toxin absorption, extensive distribution from blood to tissues and slower elimination from children compared with adults [Hisham, 1997; Nunan et al. 2004 ].
Regarding hormonal changes, all our children with envenomation showed significant elevation of circulating levels of noradrenaline and cortisol in comparison to controls. Moreover, children with severe envenomation showed significantly higher mean values of noradrenaline and cortisol than mild cases (Table 4) ; this is in accordance with other researchers [Osnaya-Romero et al. 2001 ].
In our study, we found increased serum levels of aldosterone in all children with scorpion envenomation compared with controls, with higher significance in severe cases than in mild cases (Table 4 ). This is in agreement with previous researchers [Gueron et al. 1992a] . A total of 54.7% of our patients had high blood pressure ( Table 2) . The increased circulating catecholamines following scorpion envenomation and sympathetically induced renin release may play an important role in the pathogenesis of hypertension.
As regards insulin levels, patients with severe scorpionism had decreased insulin levels compared with mild cases (Table 4 ). Moreover, we found hyperglycemia in all cases compared with controls, with higher significance in severe cases than mild cases (Table 3) . These results are in agreement with previous reports [Radha Vakil, 1988a, 1988b] . Hyperglycemia could be due to a massive release of catecholamines, glucagon, cortisol, changes in thyroid hormone levels and in insulin secretion [Radha Krishna Murthy and Vakil, 1988a; Murthy, 2000; Gueron et al. 1992a .
The serum levels of NO in all patients were significantly elevated compared with controls and were significantly more elevated in severe cases than mild cases (Table 3 ). These findings are in line with other investigators who found a significant higher mean level of NO in all children with envenomation, both severe and mild cases, in comparison to controls. That elevation was positively correlated with the severity of envenomation [Prasad and Bharadwaj, 1996] . NO elevation may be due to the effect of released cytokines on the activation of the inducible isoform of NO synthase enzyme on L-arginine amino acid on the endothelial cells. Since NO is considered as a mediator of acetylcholine action, further synthesis of NO leads to such hypotension [Prasad and Bharadwaj, 1996] , which was detected in 16.6% of our patients (Table 2) .
Regarding electrolyte disturbances, we found increased serum sodium and decreased serum potassium in cases compared with controls (Table 3) . Generally, it was suggested that electrolyte disturbances are due to the release of various mediators such as catecholamines, which directly affect Na+/K+ adenosine triphosphate and cellular K+ distribution [Murthy, 2000] . The case fatality rate recorded in the present study was 19%. This result is much higher than that reported by other investigators [Meki et al. 2003; Mekki and Mohey El-dean, 1998 ]. Most deaths were secondary to respiratory or cardiovascular failure. 
Conclusion
Endocrinological changes were common in children with scorpion envenomation and more obvious in cases of severe envenomation compared with mild cases. The hormonal and biochemical mediators affecting inflammatory processes that were released after scorpion envenomation were noradrenaline, cortisol, aldosterone and NO. These released mediators may account for several of the inflammatory manifestations observed, such as pulmonary edema, myocardial failure, systemic inflammatory response syndrome and multiple organ failure.
Recommendation
Most of the complications and deaths in children with scorpion envenomation are preventable. The main preventable factors include the inability to recognize early the severity of the envenomation and delay in referring victims to specific healthcare facilities. Hospital-related preventable factors in endemic areas include inadequate skills and lack of intensive care units. In addition, delay in seeking emergent treatment contributes to most rural deaths. So, heath authorities must recognize the importance of the problem and the need for emergent intervention, and strengthen the primary healthcare system at the district and subdistrict levels to provide adequate medical services. The use of insulin is recommended in cases of severe envenomation to improve the outcome. Rapid evaluation of the severity of the envenomation, mainly in children, is essential to establish the prognosis and administer adequate treatment.
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